FROHLICH and Loewi have published, experiments which appear to demonstrate the presence of vaso-constrictor nerve-fibres in the chorda tympani nerve. Since this nerve is usually regarded as a typical vaso-
dilator and as the conclusions drawn from various experimental results by many observers would be invalidated if such were the case, it seemed to me necessary that the experiments of the above-mentioned investigators should be repeated.
They found that, if the drops. of blood issuiing from the vein of the submaxillary gland of the cat were registered on a smoked paper in the manner described by Marey, that is, by causing each drop to fall upon the enlarged end of the lever of a tambour, which was itself in connection with anotlher tambour, writing on the smoked paper, excitation of the chorda tympani caused, as is well known, a considerable increase in the rate of flow through the gland. After giving amyl nitrite or sodium nitrite, on the contrary, there was a diminution in the flow of blood when the chorda was excited. The same result followed the administration of one milligram of pilocarpine, when nitrite had been previously given. The conclusion is that vaso-constrictor fibres were excited in both of these cases. The fact that these fibres do not show their presence when the chorda is excited under ordinary conditions is explained by assumning that the concurrent excitation of the vasodilators, which greatly preponderate in number, is sufficient to mask the effect. Under the action of nitrite, the dilators are already in a state of nearly maximal excitation, so that electrical excitation is unable to produce much increase in it, whereas the vaso-constrictors, not being under the influence of the drug, can be excited electrically.
In order to test the question, I have performed four separate experiments, one with amyl nitrite and three with sodium nitrite. I may say, at once, that I have been unable to obtain any results which would warrant the interpretation of their being due to the presence of vaso-constrictor fibres. Although the dose of nitrite was ultimately increased to the extent of causing the colour of the blood to become dark brown, so that the animal was only kept alive by artificial respiration, there was still to be obtained an unmistakable vaso-dilatation from the chorda.
Under morphine and a mixture of chloroform and ether, the chordo-lingual nerve was prepared for excitation and divided. Hirudin, in a dose of one decigram per three kilos. of animal, was then given and the blood-flow from a cannula in the external jugular vein was recorded in the manner used by Frohlich and Loewi; all the affluents of this vein being tied, with the exception of that from the submaxillary gland. Fig. 1 . Effect of exciting chorda under amyl nitrite. At A the inhalation was begun, at B it was stopped and at D again turned on. At C the chorda was excited. In this and all succeeding figures, the blood-pressure tracing is at the top, immediately below it is the record of the number of drops of blood. Under this is the excitation marker and, at the bottom, the time signal, in this figure marking two seconds. Bloodpressure zero, 12 mm. below excitation marker. Fig. 1 shows the effect of exciting the chorda after placing amyl nitrite in the anaesthetic bottle of the respiration apparattus. A large fall of blood-pressure is seen to follow the inhalation of the drug, accompanied by some increase of blood-flow through the gland. This latter is, of course, much less than it would have been, had it not been counteracted by the fall of arterial pressure. On exciting the chorda for a few seconds there is a considerable acceleration of the flow from the gland vein.
7In Fig. 2 a similar result is seen after the intravenous injection of 60 milligrams of sodium nitrite, sufficient in this case to turn the haemoglobin brown so that the animal died when the artificial respiration was stopped. Fig. 3 shows that, after 100 milligrams of sodium nitrite, there is still a marked effect, although the animal was moribund and died as soon as the artificial respiration was stopped. The colour of the blood showed that it contained very little oxyhaemoglobin, even when a vigorous ventilation of the lungs was kept up. if the chorda contained vaso-constrictor fibres, it would be expected that some sign of their presence should be found in the general excitation of asphyxia. I have been unable to detect any indication of such an effect. In a curarized cat, in which the cervical sympathetic had been cut, on stopping the artificial respiration there was, oin the contrary, an acceleration of the blood-flow. This did not appear to be entirely due to the rise of arterial pressure, since it did not come on simultaneouisly with this rise and lasted after the level had fallen again below its initial height. It was, doubtless, produced either by central excitation of chorda dilators or by direct action of as,phyxial blood upon the arterioles. The latter seems to be, at all events in part, the cause, since a similar effect was observed in another case in which the chorda had been-cut.
Wi'th regard to the experiments made by Frtihlich a'nd Loewi with pilocarpine, it must be remembered that this drug, owing to its toxic acti6n on the heart, always causes a considerable fall of bloodpressure, which, in itself, more than counteracts any dilator effect it may have. It may sometimes be noticed, at the very commencement of the fall of pressure, that there is a transitory increase of rate of flow, but this rapidly gives way to diminution, although saliva is being secreted copiously. In Fig. 4 is seen an example of this action. Fig. 4 . Action of pilocarpine and of atropine. Before the tracing begins, 60 mgrms. of sodium nitrite had been given. At A 2 mgrms. of pilocarpine was given intravenously. At B, 5 mgrms. of atropine were given in the same way. Blood-pressure zero is 8 mm. below the line of drops. Time in 10 second intervals.
Previously to the figure, 60 mgrms. of sodium nitrite had been
given. The rise of blood-pressure, immediately on injection of the alkaloid, was due to the unnecessarily large amount of saline used to wash in the material. There is a slight acceleration of the rate of the drops, not entirely due to this rise of pressure, since it continued after return of the pressure to its previous level. There follows a period of greatly lessened rate of flow, which is put an end to by the injection of atropine at B. On consideration of the effect of pilocarpine, as seen in the tracing, it appears that the slowing is greater than would be caused merely by the fall of blood-pressure. Smooth muscle, in fact, in certain organs, such as the bladder and intestine, is caused to contract by pilocarpine, so that it is quite possible that the gland arterioles were constricted.
The general opinion seems to be, however, that, under its action, the arterioles are dilated'. Moreover, if the diminution of blood-flow described above were actually due to vaso-constriction, it seems to be peculiar to the cat, since Langley2 found, in the dog, that a considerable and prolonged increase of blood-flow from the vein of the submaxillary gland resulted from the administration of pilocarpine. In any case, even if arterial constriction were present, it by no means I Cushny, Pharmacology, 4th Ed. p. 315. 1906. 2 Journ. Anat. and Physiol. xi. p. 173. 1876. follows that this is produced by central excitation of constrictors contained in the chorda; it is far more likely that the effect, if present, is either on the terminations of the sympathetic constrictors in the gland or directly on the muscular coat of the arterioles.
Frohlich and Loewi state that atropine, in doses of 1 mgrm., paralyses the action of their vaso-constrictor fibres. It is obvious that, not having been able to obtain their result, I have been unable to test the effect of different agents upon it. It seems very improbable that so small a dose of atropine should prevent any genuine vaso-constrictor effects, as no action of this kind is known in the case of other vaso-constrictors.
I find it very difficult to suggest an explanation for the results found by these observers. Certain possibilities, on being put to the test of experimient, failed to give any clue.
In the first place, it seemed possible that, if the duct of the gland had been accidentally obstructed, a copious secretion of saliva might, by distension ofthe intraglandular ductuiles, compress the veins. Barcroftl has, in fact, found that ligature of Wharton's duct diminishes the vasodilator effect of the chorda. In my experiments, the effect of ligature of the duct was very small, whether nitrite had been given or not. The increase in flow oni chorda excitation was not much lessened by such obstruction, far less changed into a diminution.
A second possibility was suggested to me by Mr Barcroft. When a very low blood-pressure is present, owing, to the action of the nitrite, the rate of blood-flow might, conceivably, be lessened by the abstraction of water in the saliva secreted, especially if there were considerable dilatation of the gland-vessels to begin with, so that chorda excitation did not cause much further dilatation. This explanation was also found to be insufficient, on looking over my experimental results. The arterial pressure at the end of the experiments described above was extremely low, in one case only 26 mnm.; there was nevertheless, even in this case, an undoubted increase of blood-flow on exciting the chorda, although it was a small one.
The only possibility left seems to be that the results of Frohlich and Loewi were, in some way, due to escape of exciting current. In the tracings published in their paper there is no record of the bloodpressure, so that there is no evidence that there was not escape to sensory nierves, causing a vaso-constrictor reflex on the sympathetic I Proc. Physiol. Soc. p. liii. 1908 . This Journal, xxxv. 1907 supply to the gland. Of course, if this nerve had been divided, such effect would be excluded, but no statement is made to this effect. I have attempted to produce a reflex of this kind, but found that the rise of arterial pressure was more than sufficient to counteract the result of vaso-constriction in the gland. This explanation, again, fails.
There is one way, however, in which diminution of blood-flow is sometimes produced on excitation of the chorda. The effect is shown in Fig. 5 . In this experiment the cat was eviscerated and the abdominal aorta connected to the mercury compensator, described in another place'. Fig. 5 . Four excitations of the chorda. In 1 and 2 before, and in 3 and 4 after, the administration of 60 mngrms. of sodium nitrite. In 1 and 4 there was escape to muscle, in 2 and 3, this was avoided. Blood-pressure zero in 1 is 29 mm. below excitation marker; in 2 it is 32 mm., in 3 it is 33 mm. and in 4, 27 mm. Time in 10 second intervals.
This, however, is unessential. In the first tracing, it will be seen that, during the period of excitation, the flow from the gland vein entirely ceased and that, on cessation of the stimulus, there was a rush of drops. On investigation, the cause was found to be merely that the electrodes had become displaced and the exciting current escaped to surrounding tissues. This escape is shown, in one way, by the reflex rise of arterial pressure and it was also seen that muscular structures underneath the vein entered into contraction, visibly obstructing it. In the next tracinkg, the electrodes, with the nerve, were raised up out of the wound and it is seen that the rise of blood-pressure was absent, no muscular contraction was seen and there was no diminution of flow from the vein. Sodium nitrite was then given. In tracing 3 the position of the electrodes was as in the previous one, the result, also, was the same. In the fourth tracing the nerve and electrodes were lowered into the wound and again muscular contraction, rise of blood-pressure and obstruction of gland-vein appeared.
I am, naturally, loth to suggest that so simple an explanation accounts for the results obtained by practised experimenters, but I can see no alternative. There is, at the same time, a difficulty. In the tracing published by Frohlich and Loewi, there is no acceleration of flow on ceasing the excitation. The possible reason for this is that the vaso-dilators were already in a state of maximal excitation owing to the nitrite, so that the chorda was unable to increase it; or, perhaps, the chorda mechanism was paralysed and the only effect was that due to obstruction of the vein. I have not seen this paralysis to take place, however, although the dose of nitrite in my experiments was a lethal one, in the sense that the cat died without artificial respiration. Possibly if given a larger dose, the chorda might have become inactive. The dose used by me was the maximum one given by Frohlich and Loewi.
One experimental result remains to be mentioned. It was found by Carlson' and by Barcroft2, that excitation of the cervical sympathetic in the cat caused vaso-dilatation in the submaxillary gland of the same side. It seemed that, if the method adopted by Froihlich and Loewi were a reliable onie, the constrictor effect of this nerve, known to contain vaso-constrictor fibres, should become more manifest after the injection of nitrite. In the experiment I performed to test this deduction, I was unable to obtain increase of blood-flow during the excitation itself, which always caused a slowing, although I made use of various strengths of stimulus. This slowing was followed by a considerable and prolonged increase of blood-flow. In this latter fact I am in agreement with the observers referred to. Carlson states that, with a weak current, the increase may come on durina the excitation and gives tracings showing this, which was the effect I hoped to obtain. After injection of nitrite, I could detect, in my experiment, no change in the relative amounts of constriction and dilatation produced by excitation of the sympathetic, except, perhaps, a rather more prolonged after-dilatation. This result indicates that, so far from actually revealing the presence of vaso-conconstrictors in the chorda, the injection of nitrite would not be likely to cause their action to become more obvious even if they did exist. It is worth noting that, in my experiment, the chorda was divided, so that any possibility of reflex excitation of chorda dilators was excluded. Carlson does not state whether this was done in his experiments and, as I have shown in another place, if depressor fibres were contained in the sympathetic excited, as sometimes occurs, reflex excitatiou of chorda dilators may be produced. My result is, therefore, of some value in serving to show that the production of vaso-dilatation by excitation of the sympathetic in the cat is a genuine peripheral effect, whatever may be the actual cause of it.
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